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Background.  Increasing evidence has demonstrated the involvement of microRNAs in the pathogenesis of hepatitis B virus 
(HBV)–related hepatocellular carcinoma (HCC). The aims of this study were to analyze whether miR-487b can be used as a diag-
nostic and prognostic biomarker for HBV-related HCC and to explore its effect on the biological function of HCC.

Methods.  The expression levels of miR-487b in the serum of all subjects were measured by real-time quantitative fluorescence 
polymerase chain reaction. The diagnostic value of miR-487b in serum was assessed using the receiver operating characteristic 
(ROC) curve. The relationship between miR-487b and the clinical data of patients was analyzed using the chi-square test. The 
prognostic value of miR-487b in HCC was assessed by Cox regression analysis and Kaplan-Meier survival. Moreover, CCK-8 and 
Transwell assays were performed to investigate the effect of miR-487b on HBV-related HCC function.

Results.  Our data indicated that miR-487b in HCC patients was significantly higher than in chronic hepatitis B (CHB) patients 
and healthy controls. Meanwhile, the ROC curve showed that miR-487b had high specificity and sensitivity in the diagnosis of HBV-
related HCC. MiR-487b can significantly distinguish between HCC patients and healthy controls and can differentiate HCC patients 
from CHB patients. Cox regression analysis showed that miR-487b was an independent risk factor. Overexpression of miR-487b was 
associated with Tumor Node Metastasis stage stage and Barcelona Clinic Liver Cancer stage in HCC patients. Cell function experi-
ments demonstrated that upregulated miR-487b promoted cell proliferation, migration, and invasion.

Conclusions.  Combined the results of the current study demonstrate that the upregulation of serum miR-487b may serve as a 
promising noninvasive diagnostic biomarker for HBV-related HCC.
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Hepatocellular carcinoma (HCC) is a type of malignant 
cancer with features like a rapidly progressing, highly malig-
nant tumor with poor prognosis and high mortality [1–3]. 
Various factors are closely related to the onset and develop-
ment of HCC. Hepatitis B virus (HBV) infection is one of the 
main risk factors for the development of liver cancer, whose 
high infection rate leads to a high prevalence of HCC [4]. 
Currently, numerous serum markers have been used for HCC 
detection in clinical terms, such as alpha-fetoprotein (AFP) 
[5]. The sensitivity and specificity of AFP for the detection of 
HBV-related HCC at an early stage are unsatisfactory [6, 7].  
Meanwhile, limited treatment options for late-stage HBV lead 

to the high prevalence of HCC [4]. Therefore, to increase the 
overall survival of HBV-related HCC patients, it is urgent that 
noninvasive and effective biomarkers for early detection be 
discovered.

 MicroRNAs (miRNA), a class of noncoding RNAs that con-
tain ~19–25 nucleotides, are known to function in the regula-
tion of gene expression [8]. Multiple studies have also confirmed 
that miRNAs are involved in a variety of cellular processes such 
as proliferation, differentiation, and apoptosis [9]. Abnormal 
expression of miRNAs often occurs in tumor tissues, showing 
their critical role in tumorigenesis [10–14]. miRNAs have been 
identified both in tissues and body liquids like blood. Some re-
searchers have suggested that cancer tissues are an important 
source of circulating miRNAs [15]. Moreover, miRNAs have 
shown high stability in the blood even after repeated freezing-
thawing operations, which makes circulating miRNAs a val-
uable noninvasive biomarker for cancer detection [16]. Some 
miRNAs have been identified to dysregulate expression and act 
as either oncogenes or tumor suppressors in HBV-related HCC 
[16–18]. Wang et  al. studied the microRNA profile in HBV-
induced infection and HCC and found that miRNAs could be 
involved in the development of HBV-related HCC. The expres-
sion level of miR-487b in HBV-related tumors was significantly 
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higher than in the nontumor group [19]. However, the clinical 
role of miR-487b in HBV-related HCC and its regulatory mech-
anisms remain largely unknown.

Therefore, our study explored the expression of miR-487b in 
HBV-related HCC patients and investigated its potential clin-
ical diagnostic value. Then we analyzed the role of miR-487b in 
the biological behavior of HBV-related HCC cells. The obtained 
data confirm that miR-487b is a potential diagnostic biomarker 
in HBV-related HCC.

METHODS

Research Objects

The samples of 87 HBV-related HCC patients, 68 patients 
with chronic hepatitis B (CHB), and 70 healthy controls were 
obtained from Jinan Infectious Disease Hospital from June 
2008 to June 2014. The healthy control group had no history 
of liver disease or viral hepatitis. Blood samples were col-
lected from patients with CHB when the disease was active. 
Chronic HBV infection was determined using the hepatitis 
B surface antigen enzyme-linked immunosorbent assay kit 
(InTec, Xiamen, China). None of the patients had undergone 
any surgery, radiofrequency ablation, chemoradiotherapy, 
or immunotherapy before the collection of samples. A  his-
topathology examination was used to assess the diagnosis of 
HCC. The blood samples were obtained from all patients at 
initial diagnosis; all patients did not receive antiviral therapy. 
Additionally, we estimated HCC patients according to 
Barcelona Clinic Liver Cancer (BCLC) stage [20, 21]. The data 
of basic clinical characteristics were all recorded. After a few 
minutes of rest, the collected blood samples were centrifuged. 
The upper serum was collected and kept at –80°C. Moreover, 
the HBV-related HCC patients in our study received a rad-
ical hepatectomy following the Chinese guidelines for the di-
agnosis of primary liver cancer and the clinical experience of 
surgeons. Follow-up was performed through regular outpa-
tient visits or telephone interviews. If someone could not be 
contacted after 3 consecutive attempts, they were considered 
lost to follow-up. The follow-up duration was from the date of 
operation to the date of death or the end of the last follow-up. 
The last follow-up was in June 2019. As shown in Table 1, the 
clinicopathological features of the patients were recorded.

All the methods were performed according to the rele-
vant guidelines, including any relevant details. Written in-
formed consent was obtained from each patient. The study 
was approved and authorized by the ethics committee of Jinan 
Infectious Disease Hospital, and all procedures were performed 
in accordance with the Helsinki Declaration.

Cell Culture and Transfection

The Hep3B cell line was procured from the Chinese Academy of 
Science Cell Bank (Shanghai, China). This cell line was derived 

from a chronic HBV carrier and was suitable for transfection. 
The cells were cultured as recommended with high-glucose 
Dulbecco’s modified Eagle’s medium (DMEM; Thermo Fisher 
Scientific, Waltham, MA, USA), containing 10% fetal bovine 
serum (FBS; Thermo Fisher Scientific, USA) and penicillin-
streptomycin (100 IU/mL, Invitrogen, Shanghai, China). The 
cells were kept in a humidified atmosphere of 95% air and 5% 
CO2 at 37°C. miR-487b mimic, miR-487b inhibitor, and negative 
control miRNA (mimic-NC and inhibitor NC) were obtained 
from RiboBio (Guangzhou, China) for the in vitro regulation 
of miR-487b. The Lipofectamine 3000 reagent (Invitrogen; 
Thermo Fisher Scientific, Waltham, MA, USA.) was used for all 
of the transfections based on the manufacturer’s instructions. 
A follow-up experiment was performed after 24 hours.

RNA Extraction and Real-time Fluorescence Quantitative Polymerase 
Chain Reaction 

According to the manufacturer’s instructions, total RNA was iso-
lated from the serum sample cell lines using the TRIzol Reagent 
and mRNA Pure Mini Kit (CWBiotech, Beijing, China). Then 

Table 1.  The Demographic and Clinical Characteristics of the Subjects

Characteristic HCC (n = 87) CHB (n = 68)
Healthy Control  

(n = 70)

Gender    

  Male 61 49 38

  Female 26 19 22

Age, y    

  Mean ± SD 59.95 ± 8.14 57.66 ± 7.08 58.82 ± 6.69

AFP value    

  Mean ± SD 270.76 ± 274.79 23.47 ± 5.84 8.41 ± 1.90

HBsAg status    

  HBsAg+ 87 68 0

  HBsAg- 0 0 70

ALT, IU/L    

  Mean ± SD 64.51 ± 18.46 45.92 ± 6.89 31.71 ± 4.47

AST, IU/L    

  Mean ± SD 66.71 ± 18.98 49.51 ± 7.34 33.13 ± 4.76

Liver cirrhosis    

  Present 46 37  

  Absent 41 31  

Tumor diameter, cm    

  <5 56   

  ≥5 31   

Differentiation    

  Poor 40   

  Moderate + well 47   

TNM stages    

  I + II 50   

  III 37   

BCLC stage    

  A 52   

  B 35   
Abbreviations: AFP, alpha-fetoprotein; ALT, alanine aminotransferase; AST, aspartate 
aminotransferase; BCLC, Barcelona Clinic Liver Cancer; CHB, chronic hepatitis B; HCC, 
hepatocellular carcinoma; TNM, Tumor Node Metastasis.
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the separated RNA was reverse-transcribed into cDNA using the 
miRNA cDNA Synthesis Kit (CWBiotech, Beijing, China). After 
that, real-time fluorescence quantitative polymerase chain reac-
tion (qRT-PCR) was performed by the miRNA qPCR Assay Kit 
(CWBiotech, Beijing, China) using the 7300 real-time PCR system 
(Applied Biosystems, Thermo Fisher Scientific, Waltham, MA, 
USA). The relative levels of miR-487b were normalized to the levels 
of cel-miR-39–3p (internal standard), and the 2–ΔΔCt method was 
used to calculate the relative expression level of miRNA.

Cell Proliferation Assay

The CCK-8 assay was performed to explore the effect of miR-
487b on the proliferation of HBV-related HCC cells. Briefly, 
treated and untreated cells were seeded in 96-well plates with a 
certain concentration. At a preset time point (incubation time 
of 0, 24, 48, 72 hours), 10 μL of CCK-8 reagent was added to 
each well and the mixture was incubated for 1 hour. After treat-
ment, optical density values (ODs) at a wavelength of 490 nm 
were measured by a microplate reader (Bio-Rad, Hercules, CA, 
USA), which expressed the proliferation capacity of the cells.

Cell Migration and Invasion Assay

The migration and invasion ability of cells was estimated by 
Transwell assay using 8-μm pore Transwell chambers in 24-well 
plates. For the migration assays, the transfected cells in the log-
arithmic growth stage were seeded in the upper chamber at a 
density of 5  ×  104/mL; 500  μL of DMEM with 10% FBS was 
added to the lower chambers. The unmigrated cells on the 
upper side were removed, while the migrated cells were fixed 
with methanol and stained with 0.5% crystal violet, followed by 
culturing for 24 hours. Five random fields were selected under 
the microscope to calculate the number of cell migrations. 
Moreover, the method of invasion was similar to migration, as 
the upper chamber of the Transwell chamber had previously 
been coated with 50 µL of Matrigel before the addition of the 
cells, and cells were inoculated.

Statistical Analysis

The experimental data were expressed as mean ± SD. Statistical 
analysis of all data was conducted using SPSS 24.0 (SPSS Inc., 
Chicago, IL, USA) and GraphPad Prism 7.04 (GraphPad, San 
Diego, CA, USA). Statistical differences between groups were 
compared using the Student t test and 1-way analysis of vari-
ance. The relationship between miRNA expression and clinical 
parameters of patients was analyzed using the χ 2 test. A receiver 
operating characteristic (ROC) curve was performed, and the 
area under curve (AUC) with 95% CI was calculated to assess 
the diagnostic value of serum miR-487b expression in patients. 
The prognostic significance of miR-487b was confirmed by 
Kaplan-Meier analysis and Cox regression analysis. Each exper-
iment was run at least in triplicate, and P < .05 was considered 
statistically significant.

RESULTS

Demographic and Clinical Characterization of the Study Population

Table  1 shows the demographic and clinical characteris-
tics of the subjects, including 87 HBV-related HCC pa-
tients, 68 CHB patients, and 70 healthy controls. Moreover, 
there was no statistical difference in age or gender among  
the 3 groups.

Increased Serum Levels of miR-487b in HCC Patients

Firstly, we detected the expression level of miR-487b in the 
serum of healthy subjects, CHB patients, and HBV-related 
HCC patients using qRT-PCR. The result indicated that the ex-
pression level of miR-487b in the serum of CHB patients sig-
nificantly increased compared with the healthy control group 
(P < .001) (Figure 1). Moreover, the expression level of serum 
miR-487b in HCC patients was significantly higher than that in 
healthy controls and CHB patients (P < .001).

Diagnostic Potential of Serum miR-487b Levels in HCC

To explore whether miR-487b in serum could be used as a 
diagnostic marker for HBV-related HCC, a ROC curve was 
performed. As shown in Figure  2, miR-487b was able to dis-
criminate the HBV-related HCC patients from the healthy pa-
tients. The area under the curve (AUC) for miR-487b was 0.929; 
miR-487b had a sensitivity of 83.9% and a specificity of 92.8% at 
a cutoff value of 1.646.

To further determine the potential diagnostic value of miR-
487b in distinguishing HBV-related HCC patients from CHB 
patients, we analyzed the ROC curve. The AUC for miR-487b 
was 0.856, the cutoff value was 1.836, and the sensitivity and 
specificity were 75.9% and 89.7%, respectively. These results 
show that miR-487b was a useful biomarker to distinguish HCC 
patients from CHB patients.
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Figure 1.  The expression levels of serum miR-487b in different patients 
were detected by qRT-PCR. Serum miR-487b levels were significantly higher 
in patients with HBV-related HCC than in healthy controls or CHB patients. 
***P < .001, compared with healthy controls; ###P < .05, compared with CHB 
group. Abbreviations: CHB, chronic hepatitis B; HBV, hepatitis B virus; HCC, 
hepatocellular carcinoma; qRT-PCR, quantitative reverse transcription poly-
merase chain reaction. 
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Ultimately, we examined whether serum miR-487b could 
differentiate healthy controls from CHB patients. The AUC of 
serum miR-487b was only 0.754. And miR-487b had a sensitivity 
of 86.8% and specificity of 57.1% at the cutoff value of 1.060.

miR-487b Was Correlated With the Clinicopathological Features of HBV-
Related HCC Patients

The HBV-related HCC patients were divided into the relatively 
low-expression group and the relatively high-expression group 
based on the median value of miR-487b expression in serum. 
Then we analyzed the relationship between miR-487b expres-
sion and the clinical parameters of the patients. Table  2 sum-
marizes the results of the chi-square test: The expression level 
of miR-487b was closely correlated with TNM (P = .005) and 
BCLC stage (P = .004), and in patients with high miR-487b ex-
pression, a larger proportion of cases were in BCLC stage B and 
TNM stage III. However, there was no significant difference in 
correlation with age, gender, serum AFP level, tumor diameter, 
liver cirrhosis, alanine aminotransferase (ALT) level, aspartate 
aminotransferase (AST) level, and differentiation (P > .05).

miR-487b Was Correlated With Poor Prognosis in HBV-Related HCC 
Patients

To explore the relationship between miR-487b expression and 
prognosis, Kaplan-Meier analysis and Cox regression were per-
formed. As shown in Figure 3, the survival rate of patients with 
low expression of miR-487b in serum was significantly higher 
than that of patients with high expression of miR-487b (log-
rank test P = .018). Moreover, Cox regression results showed 
that miR-487b (hazard ratio [HR], 2.846; 95% CI, 1.139–7.114; 
P = .025) and TNM stage (HR, 2.703; 95% CI, 1.181–6.187; 
P = .019) were independent prognostic factors for HBV-related 
HCC (Table 3).

miR-487b Regulated HBV-Related HCC Cells’ Proliferation, Migration, and 
Invasion In Vitro

Mimics and inhibitors of miR-487b were transfected in Hep3B 
to determine the function of miR-487b in HBV-related HCC. 
To verify the transfection efficiency, the expression level of miR-
487b in transfected cells was detected by qRT-PCR assay. The re-
sults demonstrated that the transfection efficiency of miR-487b 
in Hep3B was highest (P < .001) (Figure 4A). The CCK-8 assay 
was used to detect the effect of miR-487b on the proliferation 
of Hep3B. Further analysis demonstrated that miR-487b mimic 
can significantly increase the proliferation of Hep3B, while miR-
487b inhibitor can significantly inhibit the proliferation of cells 
(P < .001) (Figure 4B). To further detect the migration and inva-
sion of HCC cells, Transwell assays were performed. The result 
showed that the downregulation of miR-487b significantly in-
hibited the migration and invasion ability of Hep3B cells, while 
the overexpression of miR-487b promoted the migration and 
invasion ability of cells (P < .001) (Figure 4C, D).

DISCUSSION

The HBV is one of the most common pathogens and is the 
most significant pathogenic factor of HCC [17]. The occurrence 
of HBV-related HCC is a complex process involving multiple 
factors. Despite continuous progress in prevention, screening, 
diagnosis, and treatment, HCC morbidity and mortality rates 
show a sustained upward trend. The products and mutations 
of HBV may disrupt normal cell signal transduction path-
ways. Several miRNAs have been identified to be differentially 
expressed in HBV-related HCC patients, some of which have 
emerged as novel noninvasive biomarkers for the detection and 
prognosis of HCC [22]. As the study by Gao et al. reported, the 
expression of miR-429 was downregulated in HBV-HCC tissues 
and cells compared with controls [17]. Qiao et al. showed that 
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Figure 2.  An ROC curve was used to identify the diagnostic value of serum miR-487b in patients. A, HBV-related HCC patients and healthy controls. B, HBV-related HCC pa-
tients and CHB patients. C, CHB patients and healthy controls. Abbreviations: AUC, area under the curve; CHB, chronic hepatitis B; HBV, hepatitis B virus; HCC, hepatocellular 
carcinoma; ROC, receiver operating characteristics.
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miR-122 and miR-22 were downregulated in HBV-related HCC 
patients [23]. Another study demonstrated that serum miR-
18a was significantly higher in HBV patients with HCC than 
healthy controls and confirmed that miR-18a might serve as 
a novel and potential noninvasive biomarker for HBV-related 
HCC screening [18]. In this study, serum levels of miR-487b 
were shown to be highly expressed in CHB patients and HBV-
related HCC patients compared with the healthy control group, 
which is consistent with the results of previous study [19]. It is 
known that cellular miRNAs can be released into the circula-
tion, and circulating miRNA levels are also affected in HCC. 
The present results indicate a high level of miR-487b in the 
serum of HBV-related HCC patients. These findings demon-
strate that miR-487b might function as an autocrine/paracrine 
factor in HBV-related HCC and enhance the survival of tumor 
cells. Interestingly, it has been suggested that antiviral therapy 
may influence the expression of miRNAs. Therefore, it would be 
worthwhile to investigate miR-487b expression changes after an-
tiviral therapy in future studies. Additionally, information about 

the length of HBV infection was not collected in the present 
study, which may influence the level of miR-487b. Further 
studies are needed to examine this in the future.

Previous research has shown that abnormal miRNA expres-
sion in serum could be used as a biomarker for cancer. Work 
by Chen et  al. established that miR-487b was significantly 
downregulated in metastatic tissues compared with matched 
tumor tissues and that miR-487b can be regarded as a bio-
marker for early colorectal cancer diagnosis and a criterion to 
judge metastasis [24]. Another study by Wang et al. illustrated 
that miR-487b played an oncogenic role in osteosarcoma pro-
gression via directly targeting TRAK2, which could advance 
the development of cancer treatment [25]. In the present study, 
considering the dysregulation of miR-487b in the serum of 
CHB and HBV-related HCC patients, ROC curves were con-
structed to evaluate the diagnostic value of miR-487b. It was 
found that serum miR-487b might be a promising diagnostic 
biomarker for the early diagnosis of CHB. Furthermore, serum 
miR-487b was able to distinguish HCC patients from CHB 

Table 2.  Correlation Between miR-487b Expression Levels and Clinical Features

Parameters Cases No. (n = 87)

miR-487b Expression

P ValueLow (n = 41) High (n = 46)

Gender    

  Male 61 29 32 .906

  Female 26 12 14

Age, y    

  <60 29 11 18 .224

  ≥60 58 30 28

Tumor size, cm    

  <5 56 29 27 .242

  ≥5 31 12 19

AFP, ng/mL     

  <20 12 6 6 .830

  ≥20 75 35 40  

Liver cirrhosis     

  Present 46 18 28 .114

  Absent 41 23 18  

ALT     

  Normal 13 9 4 .083

  Elevated level 74 32 42  

AST     

  Normal 11 8 3 .069

  Elevated level 76 33 43  

Differentiation    

  Poor 40 22 18 .175

  Well + moderate 47 19 28

BCLC stage    

  A 52 31 21 .004

  B 35 10 25

TNM stage    

  I & II 50 30 20 .005

  III 37 11 26
Abbreviations: AFP, alpha-fetoprotein; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BCLC, Barcelona Clinic Liver Cancer; TNM, Tumor Node Metastasis.
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patients. These results suggest that miR-487b could be used as a 
promising noninvasive diagnostic biomarker, which could sig-
nificantly distinguish HBV-related HCC patients from healthy 
control populations or CHB patients. To our knowledge, this 
is the first study to preliminarily propose the diagnostic po-
tential of serum miR-487b in screening for HBV-related HCC. 
Furthermore, Kaplan-Meier analysis and Cox regression were 
performed to assess the role of miR-487b in the prognosis of 
HBV-related HCC patients. It was observed that patients with 
a high expression of miR-487b had shorter survival rates than 
those with low miR-487b expression. These findings demon-
strate the crucial role of miR-487b in the occurrence and devel-
opment of HBV-related HCC.

Then, we further explored the role of miR-487b in HBV-
related HCC cell behaviors in vitro. Notably, previous studies 
have reported the regulatory role of miR-487b in various types 
of cancer cells, including cell proliferation, migration, and inva-
sion. For instance, Feng et al. reported that miR-487b promoted 
human umbilical vein endothelial cell proliferation, migration, 
invasion, and tube formation through regulating THBS1, which 
could act as a potential therapeutic option for neurovascular 
disease [26]. In the current study, the Hep3B cell line was used 
for in vitro experiments, and the level of miR-487b was regu-
lated by cell transfection. As expected, the downregulation of 
miR-487b significantly inhibited cell proliferation, migration, 

and invasion, which supported the results concluded in clinical 
samples. These results suggest that miR-487b might be a poten-
tial oncogene in the progression of HCC.

There are some shortcomings in the study. First, the rela-
tively small sample size is a major limitation of this study. As 
this was a retrospective study, potential selection bias cannot 
be ruled out. A further study with a larger cohort of patients is 

Table 3.  Multivariate Cox Analysis of miR-487b in HBV-Related 
Hepatocellular Carcinoma Patients

Parameters

Multivariate Analysis

HR 95% CI P

miR-487b 2.846 1.139–7.114 .025

Gender 1.732 0.642–4.667 .278

Age 0.501 0.179–1.403 .188

AFP 1.067 0.367–3.101 .905

Liver cirrhosis 1.567 0.674–3.640 .296

ALT 2.947 0.369–8.510 .308

AST 2.413 0.793–7.348 .121

Tumor size 1.155 0.500–2.667 .736

Differentiation 2.145 0.824–5.584 .118

BCLC stage 1.790 0.744–4.309 .194

TNM stage 2.703 1.181–6.187 .019
Abbreviations: AFP, alpha-fetoprotein; ALT, alanine aminotransferase; AST, aspartate 
aminotransferase; BCLC, Barcelona Clinic Liver Cancer; HBV, hepatitis B virus; HR, hazard 
ratio; TNM, Tumor Node Metastasis.
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Figure 3.  Kaplan-Meier survival curves of overall survival in HBV-related HCC patients based on expression of miR-487b. HCC patients with higher expression of miR-487b 
had poorer overall survival than those with low expression (log-rank P = .018). Abbreviations: HBV, hepatitis B virus; HCC, hepatocellular carcinoma.
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thus needed to confirm the present findings. In addition, the 
stability of miR-487b may be affected by freezing, thawing, or 
storage, and bias may be introduced through the use of frozen 
blood samples. Besides, as the high AUC value reflects the diag-
nostic value of miR-487b, a blinded validation set is needed to 
calculate the diagnostic power of miR-487b in HCC and HBC 
in future studies.

In conclusion, a series of experiments suggested that miR-
487b might be a promising potential biological diagnostic and 
prognostic biomarker for HBV-related HCC and could affect 
tumor progression by inhibiting cell proliferation, migration, 
and invasion. The present data provide a preliminary elucida-
tion about the role of miR-487b in HBV-related HCC. Further 
study is needed to elucidate the mechanisms of miR-487b in 
HBV-related HCC, and in vivo experiments should be taken 
into account.

Acknowledgments
Potential conflicts of interest.  The authors declare that there are no 

conflicts of interest. All authors: no reported conflicts of interest. All authors 

have submitted the ICMJE Form for Disclosure of Potential Conflicts of 
Interest. Conflicts that the editors consider relevant to the content of the 
manuscript have been disclosed.

Patient consent.  Written informed consent was obtained from each pa-
tient. The study was approved and authorized by the ethics committee of 
Jinan Infectious Disease Hospital and followed procedures in accordance 
with the Helsinki Declaration.

Availability of data.  The data sets used and/or analyzed during the 
current study are available from the corresponding author on reasonable 
request.

Author contributions.  Xiangang Cao, Qian Yang, and Qing Yu initiated 
and designed the work and analyzed and interpreted the data. Xiangang 
Cao and Qian Yang performed the experiment. Xiangang Cao and Qian 
Yang wrote the manuscript, and Qing Yu revised it. All authors read and 
approved the final manuscript.

References
1.	 Lu CY, Chen SY, Peng HL, et al. Cell-free methylation markers with diagnostic and 

prognostic potential in hepatocellular carcinoma. Oncotarget 2017; 8:6406–18.
2.	 Lou W, Liu J, Ding B, et al. Identification of potential miRNA-mRNA regula-

tory network contributing to pathogenesis of HBV-related HCC. J Transl Med 
2019; 17:7.

3.	 Liu Y, Feng J, Sun M, et al. Long non-coding RNA HULC activates HBV by modu-
lating HBx/STAT3/miR-539/APOBEC3B signaling in HBV-related hepatocellular 
carcinoma. Cancer Lett 2019; 454:158–70.

3 4

Control
Mimic NC
miR-487b mimic

miR-487b inhibitor
***

***

Inhibitor NC
3

2

1

0
0 24 48

Time, h

72

O
D

 v
al

ue
 (4

90
 n

m
)***

***

Contro
l

Mimic N
C

miR-487b mimic

Inhibitor N
C

miR-487b inhibitor

Contro
l

Mimic N
C

miR-487b mimic

Inhibitor N
C

miR-487b inhibitor

Contro
l

Mimic N
C

miR-487b mimic

Inhibitor N
C

miR-487b inhibitor

A B

2

1

0

150 80

60

40

20

0

100
***

***

******M
ig

ra
te

d 
ce

ll 
nu

m
be

r

In
va

si
ve

 c
el

l n
um

be
r

50

0

R
el

at
iv

e 
ex

pr
es

si
on

 o
f 

m
iR

-4
87

b

C D

Figure 4.  Effects of miR-487b on proliferation, migration, and invasion of HCC cells. A, Changes in miR-487b levels in cells after transfection with miR-487b mimic and 
inhibitors were detected by qRT-PCR. B, Cell proliferation was detected by CCK-8 assay. miR-487b mimic significantly promoted cell proliferation, while miR-487b inhibitors 
significantly inhibited cell proliferation. C and D, The Transwell assays for cell migration and invasion. Overexpression of miR-487b significantly promoted cell migration and 
invasion, while inhibition of miR-487b significantly inhibited cell migration and invasion. ***P < .001, compared with control group. Abbreviations: HCC, hepatocellular carci-
noma; NC, negative control; qRT-PCR, quantitative reverse transcription polymerase chain reaction.



8  •  ofid  •  Cao et al

4.	 An P, Xu J, Yu Y, Winkler CA. Host and viral genetic variation in HBV-related 
hepatocellular carcinoma. Front Genet 2018; 9:261.

5.	 Imamoto R, Okano JI, Sawada S, et al. Null anticarcinogenic effect of silymarin on 
diethylnitrosamine-induced hepatocarcinogenesis in rats. Exp Ther Med 2014; 
7:31–8.

6.	 Wang  N, Cao  Y, Song  W, et  al. Serum peptide pattern that differentially diag-
noses hepatitis B virus-related hepatocellular carcinoma from liver cirrhosis. J 
Gastroenterol Hepatol 2014; 29:1544–50.

7.	 Wang Q, Chen Q, Zhang X, et al. Diagnostic value of gamma-glutamyltransferase/
aspartate aminotransferase ratio, protein induced by vitamin K absence or antag-
onist II, and alpha-fetoprotein in hepatitis B virus-related hepatocellular carci-
noma. World J Gastroenterol 2019; 25:5515–29.

8.	 Lou W, Liu J, Gao Y, et al. MicroRNA regulation of liver cancer stem cells. Am J 
Cancer Res 2018; 8:1126–41.

9.	 Huang  W, Guo  L, Zhao  M, et  al. The inhibition on MDFIC and PI3K/AKT 
pathway caused by miR-146b-3p triggers suppression of myoblast proliferation 
and differentiation and promotion of apoptosis. Cells 2019; 8:656.

10.	 Gupta G, Chellappan DK, de Jesus Andreoli Pinto T, et al. Tumor suppressor role 
of miR-503. Panminerva Med 2018; 60:17–24.

11.	 Dettori D, Orso F, Penna E, et al. Therapeutic silencing of miR-214 inhibits tumor 
progression in multiple mouse models. Mol Ther 2018; 26:2008–18.

12.	 Adams BD, Parsons C, Slack FJ. The tumor-suppressive and potential therapeutic 
functions of miR-34a in epithelial carcinomas. Expert Opin Ther Targets 2016; 
20:737–53.

13.	 Sha HH, Wang DD, Chen D, et al. MiR-138: a promising therapeutic target for 
cancer. Tumour Biol 2017; 39:1010428317697575.

14.	 Dong  J, Teng  F, Guo  W, et  al. lncRNA SNHG8 promotes the tumorigenesis 
and metastasis by sponging miR-149-5p and predicts tumor recurrence in 
hepatocellular carcinoma. Cell Physiol Biochem 2018; 51:2262–74.

15.	 Mitchell PS, Parkin RK, Kroh EM, et al. Circulating microRNAs as stable blood-
based markers for cancer detection. Proc Natl Acad Sci U S A 2008; 105:10513–8.

16.	 Meng  FL, Wang  W, Jia  WD. Diagnostic and prognostic significance of serum 
miR-24-3p in HBV-related hepatocellular carcinoma. Med Oncol 2014;  
31:177.

17.	 Gao H, Liu C. miR-429 represses cell proliferation and induces apoptosis in HBV-
related HCC. Biomed Pharmacother 2014; 68:943–9.

18.	 Li  L, Guo  Z, Wang  J, et  al. Serum miR-18a: a potential marker for hepatitis 
B virus-related hepatocellular carcinoma screening. Dig Dis Sci 2012; 57: 
2910–6.

19.	 Wang G, Dong F, Xu Z, et al. MicroRNA profile in HBV-induced infection and 
hepatocellular carcinoma. BMC Cancer 2017; 17:805.

20.	 Yang T, Lin C, Zhai J, et al. Surgical resection for advanced hepatocellular carci-
noma according to Barcelona Clinic Liver Cancer (BCLC) staging. J Cancer Res 
Clin Oncol 2012; 138:1121–9.

21.	 Zhu AX, Baron AD, Malfertheiner P, et  al. Ramucirumab as second-line treat-
ment in patients with advanced hepatocellular carcinoma: analysis of REACH 
trial results by Child-Pugh score. JAMA Oncol 2017; 3:235–43.

22.	 Yen CS, Su ZR, Lee YP, et  al. miR-106b promotes cancer progression in hepa-
titis B virus-associated hepatocellular carcinoma. World J Gastroenterol 2016; 
22:5183–92.

23.	 Qiao DD, Yang J, Lei XF, et al. Expression of microRNA-122 and microRNA-22 in 
HBV-related liver cancer and the correlation with clinical features. Eur Rev Med 
Pharmacol Sci 2017; 21:742–7.

24.	 Chen X, Lin ZF, Xi WJ, et al. DNA methylation-regulated and tumor-suppressive 
roles of miR-487b in colorectal cancer via targeting MYC, SUZ12, and KRAS. 
Cancer Med 2019; 8:1694–709.

25.	 Wang  F, Ye  BG, Liu  JZ, Kong  DL. miR-487b and TRAK2 that form an axis to 
regulate the aggressiveness of osteosarcoma, are potential therapeutic targets and 
prognostic biomarkers. J Biochem Mol Toxicol 2020; 34:e22511.

26.	 Feng N, Wang Z, Zhang Z, et al. miR-487b promotes human umbilical vein en-
dothelial cell proliferation, migration, invasion and tube formation through regu-
lating THBS1. Neurosci Lett 2015; 591:1–7.


